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Appl. Note 77-2 


Introd uction 

High precision oscillators often require measuring 
frequency differences of a few parts in lO^ 0 r less. 
These tests are usually made when adjusting precision 
oscillators to a known frequency standard or when 
studying aging effects. With present methods of pre¬ 
cision frequency comparisons, the greater the reso¬ 
lution required, the longer it takes to make the meas¬ 
urement.^ As an example, it would take about a day 
to comupare two 5 MHz frequency standards to 1 part 
in 10 1 *. By measuring phase shift versus time with 
the 8405A Vector Voltmeter, 1 part in 10^3 frequency 
difference can be measured in a few minutes. 

The 8405A Vector Voltmeter is atwo channel RF milli- 
voltmeter and phasemeter. It compares the phase of 
two RF signals with very high precision. The tech¬ 
nique results infrequency comparisons to 1/I0l3 with¬ 
in a few minutes time at typical standard frequencies 
of 1 MHz and above. Input requirements to the 8405A 
are that the initial frequency difference between sig¬ 
nals be less than 1 or 2 Hz and that both signals are in 
the 8405A range of 1 MHz to 1 GHz. Oscillators which 
are initially off frequency by more than 1 or 2 Hz 
should first be rough tuned using normal indicators 
such as a counter or oscilloscope^. The signals must 
also have low noise. These requirements are typically 
met by precision oscillators such as the Hewlett- 
Packard 101A, 106A/B, 107AR/BR, and 5060A or 
equivalent. 

Adjustments previously requiring days and even weeks 
to accomplish are now made in minutes using the 
8405A. Short term stability and fractional frequency 
deviation studies are practical on the most precise 
oscillator. A continuous record of frequency difference 
is easily obtained by connecting a strip chart recorder 
to the 8405A. _ 

*HP Application Note 52, ’’Frequency and Time 
Standards,” pg.3-1. 

2lbid, pg.3-2. 


Description 

Application of the 8405A to precise frequency compar¬ 
isons is very simple and straightforward. The Chan¬ 
nel A and B inputs of the instruments are connected 
to the outputs of the two frequency sources to be com¬ 
pared, as shown in Figure 1. 

The phase of Channel B is compared to Channel A and 
indicated on the phasemeter. A DC recorder jack on 
the rear panel of the 8405A provides a voltage output 
proportional to the phasemeter reading. (Polarity 
indicates lead or lag of B with respect to A.) Any fre¬ 
quency difference between A and B inputs causes a 
continuous change in phase reading. If the phasemeter 
indicates a clockwise change, as in Figure 2, then 
Channel B input frequency is higher than A. Counter¬ 
clockwise rotation, of course, indicates that the B input 
is the lower frequency. The phase change and di¬ 
rection of change can be recorded over a known period 
of time using a strip chart recorder. Frequency dif¬ 
ference, in proportional parts, can then be calculated 
and read from a calibrated recorder. 



of B channel higher than A channel when indicator 
rotates clockwise. 





0 0 * 



hp 5060A 
CESIUM BEAM 
FREQUENCY STANOARO 

hp I06B 
QUARTZ 

OSCILLATOR UNDER TEST 


BNC TEE 


50 JL LOAD 

| 


I02I8A ADAPTER r ^ n ^ ft 8 JJc!c 0 
inpifti VECT0R VOLTMETER 

IUcIDH . \ 

ISOLATOR 



I02I6A ISOLATOR 
I02I8A ADAPTER 



BNC TEE 


—Wr - 1 

50 il LOAD-sr 


METER 
/RECORD OUTPUT 


MOSELEY 680 
STRIP CHART 
RECORDER 


i 

lOKil 

1 : :■ 

% 

L i 

r A. 

* Br 

1 m 


AN77-2-A-I 


Figure 1. Cesium Beam and Quartz Oscillator frequencies are measured with high resolution 

when connected to the 8405A Vector Voltmeter as shown above. 
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Calculation 

To show how phase change relates to frequency dif¬ 
ference, consider an input signal of 5 MHz to Chan¬ 
nel A and 5 MHz + 1 Hz to Channel B. The phase angle 
between A and B will change by 360°every second for 
every cycle of frequency difference between A and B. 
This phase shift is read directly from the 8405A phase 
meter. By measuring the time required for the phase 
change, the frequency difference can be calculated. 

Since 360°/sec = 1 Hz (cps), then 

360°/sec _ A0/At 
1 Hz " Af 

Solving for Af, 

(1) M -M>4r 

At = time, in seconds, required for phase change 
measured above 

Af = frequency difference between input signals 
A0= phase change in degrees (indicated on 8405A) 

Dividing Af by the frequency of the reference oscil¬ 
lator then gives the frequency difference in propor¬ 
tional parts. 

Example: 

Standard frequency f = 5 MHz 
A 0 measured on 8405A = 1.3° 

Af = 60 seconds 

Af = _ 1.3° _ 

360° (60 sec) (5 x 10^ Hz) 

= -—- = 1.2 x 10" 11 

1.08 x 10 11 

or 1.2 parts/lO^ 

In this example the 1.3° phase change was clockwise 
indicating Channel B input was leading Channel A. 
Therefore, Channel B input frequency was higher than 
A by 1.2 parts in 10H. 


In general, 

the frequency difference between two oscil- 

lators is determined from the slope of phase change 

versus time. 


d0 

OJ - _ 

dt 


f = frequency difference be- 


tween two sources 

f = * ( 

1 2 tt \ 

d<M 

0) = 2 n f 

,dt / 

0 = phase difference between 

f _ i 

/d<M 

two sources 

360° 

\dt / 

d0 

= instantaneous change of 
phase, or slope of phase 


versus time (deg/sec) 


Therefore, if the trace is nonlinear, the phase slope 
at any time will be proportional to the instantaneous 
frequency difference between the two sources. A con¬ 
stant frequency offset appears as a linear phase ver¬ 
sus time trace. A drift in frequency results in a curved 
or nonlinear trace. 


Resolution 

Frequency comparison is required for two general 
applications: (l)when adjusting an oscillator to agree 
with a standard, and (2) for continuous monitoring of 
oscillators during aging studies or changing environ¬ 
mental conditions. The resolution required for ad¬ 
justing an oscillator is usually greater than for long 
term monitoring applications. In order to obtain 
higher resolution, we can expand the phase meter 
sensitivity to ±6° full scale instead of ±180°. On the 
6° range, resolution is 0.1°. From Equation (1) a 
phase change of .1° in one second corresponds to 
2.777 x 10~4 Hz frequency difference. At 5 MHz this 
represents 5.555 parts/10H. 

By monitoring phase change over periods greater than 

1 second, we obtain even greater resolution. This is 
the usual technique and it is easily made by using a 
strip chart recorder on the phase meter output. For 
example, a phase change of 0.1° in 10 seconds in¬ 
creases the resolution of measurement to 5.555 parts/ 
10 ^. A 0.1° change in 100 seconds is 5.555 parts/ 
10l3 ? and so on. 

From these examples, we can see that in less than 

2 minutes of monitoring time with the 8405A, we are 
able to compare and adjust frequency standards and 
highly stable oscillators with very high precision. 


Measurement 

The phase meter offset and range controls are used 
to calibrate recorder span directly in degrees. Fig¬ 
ure 3 shows the calibration method for full scale 
readings of ±5°, 15°, 50°, or 150°, depending on the 
phase range selected. These ranges correspond with 
the 5 inch chart of the Moseley 680 recorder. Expanded 
ranges of 1°, 3°, 10°, and 30° full scale can be set 
up using the procedure shown in Figure 4. 

High Resolution Measurements 

With a recorder range sensitivity of 1 volt, a 0.1° 
change in phase corresponds to only a very small de¬ 
flection on the recorder output. (See Figure 5a.) It is, 
therefore, desirable to make the recorder span more 
sensitive than 1 volt in order to properly resolve .1° 
or smaller phase changes. To do this, the recorder 
range is set for 50 millivolts. Figure 5(b) shows the 
increased resolution. This method is useful for making 
fine adjustments to an oscillator and gives maximum 
resolution when needed. For long term monitoring, 
the recorder span is reduced and/or the 8405A phase 
range increased as required to keep the recorder on 
scale over long periods. A calibration and test pro¬ 
cedure for higher resolution are given in Figure 4. 
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1. Connect both probes to frequency standard using 
accessory tees. 

2. Set 8405A FREQ RANGE to agree with input 
frequency. 

3. Zero phase meter on ±6° range using PHASE 
METER ZERO. 

4. Set recorder range to 1 volt. Set pen to center 
scale with recorder zero control. 

5. Set phase range to ±60°. 

6. Change phase meter offset by +50°. 

7. Adjust 10K ohm pot for full scale pen deflection 
on recorder. 


8. Change phase meter offset polarity to minus and 
check pen deflection on the opposite side of zero. 
Make required fine adjustments to recorder zero 
and 10K pot for equal deflection from center 
scale. 


THE RECORDER IS NOW CALIBRATED FOR EACH 
PHASE RANGE SELECTED ON THE VECTOR 
VOLTMETER AS FOLLOWS: 

8405A 680 

PHASE RANGE RECORDER CALIBRATION 


±6° 

0. 2 “/minor 

div. 

(±5°f. s.) 

±18° 

0.6°/ ’’ 

it 

(±15°f. s.) 

±60° 

2°/ " 

! 1 

(±50°f.s.) 

±180° 

6°/ " 

ft 

(±150°f.s.) 


Figure 3. Measurement procedure for comparisons of frequency standards (sheet 1 of 2). 
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1. Connect meter probes to frequency standard and 
device in test. 

2. Set PHASE RANGE for desired resolution. 

3. Set PHASE METER ZERO and OFFSET for zero 


degrees indicated on the recorder and start the 
strip chart drive at desired speed. 

4. Record phase change over desired time. 

5. Determine frequency difference between A and 
B inputs using Equation (1) or the charts in 
Appendix I. 


Figure 3. Measurement procedure for comparisons of frequency standards (sheet 2 of 2). 
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1. Connect both probes to frequency standard using 
accessory tees. 

2. Set 8405A FREQ RANGE to agree with input 
frequency. 

3. Zero phase meter on ±6° range using PHASE 
METER ZERO. 

4. Set recorder input RANGE to 50 mV. 

Note 

Input resistance to Moseley 680 recorder 
is 10K ohms on the 50 mV range (200K 
ohms/volt). Rheostat connection to 10K 
ohm variable resistor provides variable 
span adjust without loading 8405A output. 


5. Set recorder pen to left hand edge of chart with 
recorder ZERO. 

6. Set PHASE RANGE to ±60°. 

7. Change phase meter OFFSET by 10° and adjust 


10K ohm rheostat for full scale pen deflection. 
(If pen drives hard left, change phase meter 
offset polarity switch setting.) 

8. Return to zero offset and check recorder zero 
adjustment. 

THE RECORDER IS NOW CALIBRATED FOR EACH 
PHASE RANGE SELECTED ON THE VECTOR 
VOLTMETER AS FOLLOWS: 

8405A 680 

PHASE RANGE RECORDER CALIBRATION 


H- 

05 
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• 

CO 

• 
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O 
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Check 8405A stability by running the strip chart 
recorder for a given period of time. This check 
will verify that the stability is sufficient to make 
high resolution measurements. 


Figure 4. Measurement procedure for high resolution comparisons of frequency standards (sheet 1 of 2). 
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1. Connect meter probes for desired test. 


2. Set PHASE RANGE for desired resolution. 


3. Set phase meter ZERO and OFFSET for desired 
pen deflection on the recorder. (A center chart 
setting will make the meter indicate off zero. 


This does not cause any error because the meas¬ 
urement is phase change over a period of time. 
Any starting point may be chosen.) 

4. Start the recorder chart drive at desired speed 
and record phase change for desired time. 

5. Determine frequency difference between A and 
B inputs using Equation (1) or the charts in 
Appendix I. 


Figure 4. Measurement procedure for high resolution comparisons of frequency standards (sheet 2 of 2). 
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Figure 5. Strip chart recordings show resolution of 0.1° phase change on a recorder span of: 

a) 1 volt full scale 

b) 50 mV full scale 


Graphical Solution 

The charts in Appendix I solve Equation (1) for 
standard frequencies of 1 MHz and 5 MHz respectively. 
Proportional frequency difference is found by entering 
the chart at A<f> and At values indicated on the cali¬ 
brated recorder. The point where A<£and At intersect 
is read from the radial line calibrations directly in 
proportional parts. 


All scales of the chart have decade relationships. 
Resolution is possible for phase changes of tenths and 
hundredths of a degree by using the appropriate scale 
factor. 


Example: 

Figure 6 is a strip chart record of phase change be¬ 
tween two hp 107BR Quartz Oscillators at 1 MHz. 
Note that phase change is only 0.4° in 90 seconds time. 
Enter the conversion chart in Appendix I at 40°, instead 
of 0.4°. Because of the 100:1 change in A<l> scale, all 
radial line calibrations change by 100:1. For example, 
the 1/10^ line becomes 1/10*1. Now intersect the Af 
scale at 90 seconds and find the frequency difference 
between the oscillators as 1.25/10H. 



AN77-2-A-6 


Figure 6. Typical Strip Chart Recording of phase 
between 2 hp 1 MHz 107BR Quartz Oscillators. 
Phase change of 0.4° in 90 seconds indicates 
frequency offset is 1.25 parts in 10H. 
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APPENDIX I 


r 


a 


co 

UJ 

UJ 

cn 

o 

UJ 



60 

(I MIN) 


120 

(2 MIN) 


180 

(3 MIN) 


At (SECONDS) 
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Graphical solution of ^ = g - g- g- for frequency difference between two 1 MHz oscillators. 


IT 



60 

(I MIN) 


120 

(2 MIN) 


180 

(3 MIN) 


At (SECONDS) 

Same as above, except frequency of standards is 5 MHz. 
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Hewlett-Packard Vertriebs-GmbH 
Achenbachstrasse 15 
4 Dusseldorf 1, 

Tel. 68 52 58 

GREECE 

K. Karayannis 
Klaftmonos Square 
Athens 124 
Tel. 230 301 

INDIA 

The Scientific Instrument Co., Ld. 
6, Tej Bahadur Sapru Road 
Allahabad 1 
Tel. 2451 

The Scientific Instrument Co., Ld. 
240, Dr. Dadabhai Naoroji Road 
Bombay 1 
Tel. 26-2642 

The Scientific Instrument Co., Ld. 

II Esplanade East, Calcutta 1 
Tel. 23-4129 

The Scientific Instrument Co., Ld. 
30 Mount Road, Madras 1 
Tel. 86339 

The Scientific Instrument Co., Ld. 
B-7, Ajmeri Gate Extn. 

New Delhi 1 
Tel. 271053 

IRAN 

Telecom, Ltd. 

P.O. Box 1812 
Teheran 

Tel. 43850, 48111 

ISRAEL 

Electronics & Engineering Ltd. 
Division of Motorola Israel Ltd. 
16, Kremenetski Street, Tel-Aviv 
Tel. 35021 

ITALY 

Hewlett-Packard Italiana S.p.A. 
Viale Lunigiana 46, Milan 
Tel. 69 15 84 

Hewlett-Packard Italiana S.p.A. 
Palazzo Italia 

Piazza Marconi 25, Rome-Eur 
Tel. 591 2544 

JAPAN 

Yokogawa-Hewlett-Packard Ltd. 

#59, 1-chome 

Yoyogi 

Shibuya-ku 

Tokyo, 

Tel. 370-2281 

Yokogawa-Hewlett-Packard Ltd. 
#8, Umeda 
Kita-ku, Osaka City 
Tel. 313-0091 


Yokogawa-Hewlett-Packard Ltd. 

#4, 3-chome 

Himeikedori 

Chigusa-ku, Nagoya City 
Tel. 751-8545 

KOREA 

American Trading Co., Korea, Ltd. 
Seoul P.O. Box 1103 
112-35 Sokong-Dong 
Jung-ku, Seoul 
Tel. 3.7049, 3.7613 

LEBANON 

Constantin E. Macridis 
Clemenceau Street 
Clemenceau Center 
Beirut 
Tel. 220846 

NETHERLANDS 

Hewlett-Packard Benelux, N.V. 

23 Burg, Roellstraat 
Amsterdam, W. 

Tel. (020) 13 28 98 

NEW ZEALAND 

Sample Electronics (N.Z.) Ltd. 

8 Matipo Street 
Onehunga S.E. 5, Auckland 
Tel. 565-361 

NORWAY 

Morgenstierne & Co. A/S 
Ingeniofirma 
6 Wessels Gate, Oslo 
Tel. 20 16 35 

PAKISTAN 

Mushko & Company, Ltd. 

Oosman Chambers 
Victoria Road 
Karachi 3, West Pakistan 
Tel. 54601 

Mushko & Company, Ltd. 

Zirat Chambers 
31, Jinnah Avenue 
Dacca, East Pakistan 
Tel. 80058 

PANAMA 

Electronico Balboa, S.A. 

P.O. Box 4929 
Panama City 
Tel. 3-0833 

PERU 

Fernando Ezeta B 
Av. Petit Thouars 4719 
Mira Flores, Lima 
Tel. 5-0346 

PORTUGAL 

Telectra 

Rua Rodrigo da Fonseca 103 
P.O. Box 2531, Lisbon 1 
Tel. 68 60 72 

PUERTO RICO 

San Juan Electronics, Inc. 

Ponce de Leon No. 150, Stop 3 
Pta. de Tierra Sta., San Juan 
Tel. 725-3342 

SPAIN 

Ataio Ingenieros 
Enrique Laretta 12 
Madrid, 16 
Tel. 235 43 44-5 


SOUTH AFRICA 

F.H. Flanter & Co. (Pty.), Ltd. 
Rosella House 
Buitencingle Street 
Cape Town 
Tel. 3-3817 

F.H. Flanter & Co.,(Pty.), Ltd. 
P.O. Box 200, Bramley 
775 Pretoria Main Road 
Wynberg, Transvaal 
Tel. 40-6871 

SWEDEN 

HP Instrument AB 
Centralvagen 28 
Solna Centrum 
Tel. 08-83 08 30 

HP Instrument AB 
Box 4028 
Indunagatan 28A 
Molndal 4 
Tel. 27 68 00 

SWITZERLAND 

Max Paul Frey 
Wankdorffeldstrasse 66 
Berne 

Tel. (031) 42 00 78 

TAIWAN 

Hwa Sheng Electronic Co., Ltd. 
P.O. Box 1558 
21 Nanking West Road 
Taipei 

Tel. 46076, 45936 

TURKEY 

Telekom Engineering Bureau 
P.O. Box 376 - Galata 
Istanbul 
Tel. 49 40 40 

UNITED KINGDOM 

Hewlett-Packard Ltd. 

Dallas Road 
Bedford, England 
Tel. 68052 

VENEZUELA 

Citec, C.A. 

Edif. Arisan-Of. No. 4 

Avda. Francisco de Miranda 

Chacaito 

Caracas 

Tel. 71.88.05 

YUGOSLAVIA 

Belram S.A. 

83 Avenue des Mimosas 
Brussels 15, Belgium 
Tel. 35 29 58 


For Sales and Service 
Assistance in Areas Not 
Listed Contact: 

EUROPE 

Hewlett-Packard, S.A. 

54 Route des Acacias 
Geneva, Switzerland 
Tel. (022) 42.81.50 

ELSEWHERE 

Hewlett-Packard 

1501 Page Mill Road 

Palo Alto, California 94304, U.S.A. 

Tel. (415) 326-7000 
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